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[57] ABSTRACT 

A head-up display involving display of pitch-bar sym- 
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bols in the line of sight of an aircraft pilot is generated 
using raster scanning of a cathode-ray-tube screen and 
bright-up in accordance with stored information relat- 
ing to the wings-level or other datum attitude of the 
aircraft. Variation of the pitch-bar mapping in the dis- 
play area to follow change of attitude of the aircraft is 
made through transformation in accordance with pitch 
and bank angles applied to the point-by-point progres- 
sion of the raster scan, and the visual staircase effect of 
symbols inclined to the line-scan is reduced by con- 
trolled variation in brightness from point to point. Each 
point (xz yg) in the progression of the scan through the 
display area is mapped back incrementally into the cor- 
responding point (x, y,) of the stored datum-attitude 
map, through a transformation in rotation dependent on 
the bank angle @. Computation of x, involves summa- 
tion of discrete signals representative of xycos@ and 
yasind, and of y, involves summation of discrete signals 
representative of —xgsind and ygcosd. The eight most- 
significant bits of the eleven-bit computed values of x, 
and y, are used to read out four bits stored in respect of 
the point (xp yp) to define the brightness of that point 
and three immediately-adjoining points in the datum- 
attitude mapping. Brightness-weightings applied to the 
four digits respectively are derived from read-only 
memories in accordance with the three least-significant 
bits of the computed values of x, and y,, and the four 
bits so weighted are added together to provide the 
bright-up video input to the cathode-ray tube for the 
point (%p Ya) 


14 Claims, 8 Drawing Figures 
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1 
SCANNING DISPLAY APPARATUS 


CROSS-REFERENCE TO RELATED 
APPLICATION 


This patent application is a continuation-in-part appli- 
cation based on my U.S. patent application Ser. No. 
618,662, filed Oct. 1, 1975. 


BACKGROUND OF THE INVENTION 


This invention relates to display systems. 

The invention is particularly, though not exclusively, 
concerned with head-up display systems for aircraft, 
that is to say, with display systems of the kind in which 
the display is projected onto a partially-transparent 
reflector in the line-of-sight of a pilot or other crew 
member of the aircraft so as to provide an image of the 
display against the background of the external scene 
through the aircraft windscreen. The display is nor- 
mally provided in such a system by a cathode-ray tube 
and involves symbols that in the image seen in the par- 
tially-transparent reflector, are positioned against the 
background of the external scene to give indication of 
such factors as aircraft attitude and flight-path. 

The symbols in the latter context conventionally 
include one or more lines that are required to be main- 
tained superposed upon the horizon, or otherwise main- 
tained horizontal, in the external scene viewed through 
the reflector, irrespective of manoeuvre of the aircraft. 
To this end the disposition of the one or more ‘horizon’ 
lines in the reflector is varied in tilt and lateral displace- 
ment in accordance with control signals that are indica- 
tive of change of aircraft attitude in bank and pitch 
respectively. 

There are circumstances in which it is desirable to 
provide the cathode-ray-tube display using a raster or 
other point-by-point scan, as distinct from a cursive 
technique in which the cathode-ray beam is caused to 
trace out the symbol directly. This applies especially 
where pictorial information as derived, for example, 
from a television or infra-red camera, is to be included 
in the display image superposed on the external scene as 
viewed by the pilot or other crew member. In such 
circumstances the one or more horizon lines and other 
symbology may be generated by modulation of signals 
in accordance with stored information relating to the 
mapping of the symbology in the display area, and ap- 
plication of these signals to the cathode-ray tube as 
bright-up signals appropriately synchronized to the 
raster or other scan. 

Variation in the disposition of the symbols within the 
display area, and in particular the tilting and lateral 
displacement of the one or more horizon lines, required 
with manoeuvre of the aircraft, can be achieved by 
appropriate modification of the stored mapping. Such 
modification, which is performed in particular under 
control of signals dependent on changes in bank and 
pitch attitude of the aircraft, will normally necessitate 
the provision of substantial additional processing and 
storage capacity. A digital system for effecting tilting 
and lateral displacement of an artificial-horizon line in a 
cathode-ray-tube display utilizing raster scan, is de- 
scribed in U.S. Pat. No. 3,925,765 issued to Berwin et al 
on Dec. 9, 1975. 
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tilt of a line in the display is usually accompanied by 
change in the degree of clarity or definition of the line 
concerned, the loss of definition being in general larger 
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2 
the smaller the angle of inclination from alignment with 
the line-scan of the raster. A staircase or notched ap- 
pearance is usually experienced and slight change in the 
angle of tilt can readily result in disconcerting move- 
ment and even oscillatory, back-and-forth break up, of 
the line representation. 

A significant increase in the number of line scans in 
the raster together with a corresponding increase in the 
definition with which the display symbology is pic- 
tured, would serve to reduce the visual staircase or 
notched effect. But there is usually in practice a stan- 
dard raster to be used (for example 512- or 625-line), and 
an economic or space limit on the amount of informa- 
tion storage and processing that can be provided for 
picture definition. Furthermore, the signals for display 
of the symbology are conveniently and more economi- 
cally generated using digital techniques, so the essen- 
tially discrete-element composition of the symbol repre- 
sentations adds to the disjointed visual effect. The dis- 
play representation of each ‘horizon’ line for example, is 
in essence generated by bright-up of successive ele- 
ments across the cathode-ray-tube screen, and whereas 
these elements for an untilted line are joined up with 
one another in one series along one or more horizontal 
scan lines, the tilted-line representation is formed by 
disjointed series on successive, vertically-spaced scan 
lines of the raster. 


BRIEF SUMMARY OF THE INVENTION 


It is one of the objects of the present invention to 
provide a form of display system by which the require- 
ment for extensive signal processing and storage capac- 
ity can be avoided, or at least the scale of the require- 
ment can be significantly reduced. 

It is another of the objects of the present invention to 
provide a display method and a display system which 
may be used to achieve an improved representation, and 
which may be used more especially to reduce the visual 
staircase or notched effect occurring in display symbol- 
ogy. 

According to one aspect of the present invention 
there is provision of a display system wherein it is ar- 
ranged that a display image is provided in a display area 
in accordance with signals which are synchronized to 
point-by-point scanning of that area and which are de- 
rived in accordance with stored information that relates 
to a datum mapping of the image within the display 
area, and wherein means is provided for selectively 
varying the mapping of the image within the display 
area, said means being arranged to perform a transfor- 
mation process dependent on the selected mapping in 
respect of the successive points of said scan such as 
thereby to derive indentification of the corresponding 
points of the stored datum-mapping, and to derive said 
signals in accordance with the information stored in 
respect of the successively-identified points. 

With this display system the signal appropriate to any 
point in the scanning of the display area is derived by 
determining the identity of the corresponding point in 
the datum mapping, and by then reading out or other- 
wise deriving from the stored information the signal 
applicable to this identified point. The display area is 
effectively mapped back point by point into the datum 
mapping. The signals applicable throughout the scan 
may therefore be derived from the stored information as 
the scan progresses point by point. Thus there is no 
requirement for the provision of additional storage ca- 
pacity as would be the case if the point-by-point infor- 
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mation for the display required, were to be derived by 
transformation applied to the datum-mapping informa- 
tion. 

According to another aspect of the present invention 
there is provision of a method for providing a display 
wherein it is arranged that successive elements of the 
display area are selectively brighted up during raster or 
other scanning of that area in accordance with signals 
that serve to define those of said elements which are to 
be occupied by symbology to be displayed, and wherein 
it is arranged that the degree of bright-up applied in 
each of those individual elements is varied in depen- 
dence upon the extent to which the symbology as de- 
fined by said signals, occupies that element. 

The present invention in the latter aspect recognizes 
that for a given raster scan where the display is to be 
generated by selective bright-up of successive elements 
of the display area during that scan, much of the unde- 
sired staircase or other disconcerting visual effects usu- 
ally experienced can be obviated, or at least substan- 
tially reduced, by modulating the degree to which 
bright-up is applied. More specifically, where accord- 
ing to the signal definition of the symbology, only part 
of any display-area element would ideally be brighted 
up, the normal course prior to this invention would be 
to bright up the whole element fully since provision for 
bright up of only a fractional part of the element would 
be difficult and costly to implement. The present inven- 
tion however enables an approximation to the ideal 
situation to be achieved readily, by providing that the 
brightness or degree of bright up applied to any such 
element is dependent on the fractional part that would 
ideally have been fully brighted up. The degree of 
bright up might be related linearly to the areal fraction 
of the element that would ideally be fully brighted up, 
but in general it will be found that the relationship that 
serves to prove most satisfactory visually is non-linear 
and can best be determined in any particular case, by 
trial. 

Although the present invention has been considered 
above in the light of specific reference to display repre- 
sentation of simple straight lines, it is to be understood 
that the invention is nonetheless applicable in a similar 
manner to reduction of undesirable visual effects in 
other symbology. Furthermore, the invention is appli- 
cable to display systems generally and is not confined to 
specific application in head-up display systems for air- 
craft, though it is especially applicable in such context. 

A display system in accordance with the present 
invention will now be described, by way of example, 
with reference to the accompanying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a schematic representation of the display 
system; 

FIG. 2 is illustrative of symbology involved in the 
display provided by the system of FIG. 1; 


FIG. 3 is illustrative of raster scanning of the display 


area and certain relationships involved in the provision 
of the display of FIG. 2; 

FIG. 4 is a schematic representation of electrical units 
used in the generation of video signals required in the 
provision of the display of FIG. 2; 

FIG. 5 is a schematic representation of of electrical- 
system configuration incorporating the electrical units 
of FIG. 4 and appropriate for video-signal generation in 
the display system of FIG. 1, 
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4 
FIG. 6 is illustrative of display of a line inclined to the 
raster scanning of the display area; and 
FIGS. 7 and 8 serve to illustrate principles involved 
in operation of the circuitry of FIG. 4. 


DETAILED DESCRIPTION 


The display system illustrated in FIG. 1 is for use in 
providing a head-up display for the pilot of a military 
aircraft, but is equally applicable out of the specific 
context of military operations. 

Referring to FIG. 1, a partially-transparent reflector 
1, is mounted in front of the pilot within the cockpit of 
the aircraft and in his line-of-sight 2 through the air- 
craft-windscreen 3. A display of flight and weapon-aim- 
ing information is projected on the reflector 1 which is 
inclined to the line-of-sight 2 so that the pilot sees the 
display image in the reflector 2 against the background 
of the external scene through the windscreen 3. The 
display is projected from the screen 4 of a cathode-ray 
tube 5 by an optical system 6 that serves to focus the 
image seen by the pilot, substantially at infinity. 

The information displayed includes, as illustrated in 
FIG. 2, analogue presentation of aircraft attitude in- 
volving five pitch-bars 10 to 14 (each in the form of two 
spaced and aligned lines) and a flight-vector symbol 15 
(in the form of a circle with short laterally-extending 
arms). The flight-vector symbol 15 remains stationary 
in the center of the screen 4 of the cathode-ray tube 5 
and so its image remains stationary in the pilot’s field of 
view through the reflector 1. The five pitch-bars 10 to 
14 however move so as to be seen by the pilot to be 
displaced angularly, and also up and down, relative to 
the symbol 15, in accordance with bank and pitching 
movements respectively of the aircraft. The bars 10 to 
14 remain parallel to one another and their movements 
on the screen 4 are regulated by reference to the verti- 
cal (established for example by a gyroscope or other 
attitude sensor in the aircraft) in such a way as to main- 
tain them with the middle line 10 indicative of the the 
horizontal (zero pitch-angle), and the other four lines 11 
to 14 above and below it at pitch-angle intervals of 
thirty degrees. The weapon-aiming information on the 
other hand, and as illustrated in FIG. 2, involves a cross 
symbo! 16 that is moved in the display on the screen 4 
so as to be seen by the pilot in image against the external 
scene through the windscreen 3, and to denote a desired 
line of aim of the aircraft weapon-system (or a selected 
part of it). The pilot’s task is to manoeuvre the aircraft 
to bring the symbol 16 within the flight-vector symbol 
15 and accordingly align the aircraft appropriately for 
firing of the weapon system. 

The electric time-base and video signals required to 
produce the display of flight and weapon-aiming infor- 
mation on the screen 4, are supplied to the cathode-ray 
tube 5 by a waveform generator 17. The waveform 
generator 17 provides a raster time-base and generates 
the relevant video signals in accordance with signals it 
receives from appropriate attitude, and other, sensors 
18, and a weapon-aiming, or other, computer 19. In this 
respect it is to be understood that the display generated, 
and as embodied in the video signals supplied to the 
cathode-ray rube 5, may embrace a wider variety of 
information than that involved in the simplified form 
illustrated in FIG. 2. Any of the information may be 
presented in digital or analogue form, or both. However 
in each case the information is displayed by brightness 
modulation of the cathode-ray-tube display-raster pro- 
duced by the line and frame time-base signals that are 
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applied to the deflection system of the tube by the 
waveform generator 17. The video signals required for 
different parts of the symbology (10 to 16) are derived 
separately in the waveform generator 17 and are then 
mixed together for application to the grid electrode of 5 
the cathode-ray tube 5, each signal being derived in 
accordance with the successive instants in the time-base 
raster at which bright-up is to occur to achieve a ‘paint’ 
of the relevant symbol, or symbol-group, in the appro- 


priate position on the screen 4. 10 


The video signals, consisting of a succession of 
bright-up pulses, required to produce the ‘paint’ of each 
symbol or symbol-group is derived in the waveform 
generator 17 from stored information that is sufficient to 


achieve a point-by-point mapping of the symbol or 15 


symbol-group on the screen 4 for a datum attitude — 
normally the wings-level attitude. Variation of the map- 
ping to take account of variation in attitude of the air- 
craft is achieved in accordance with the aircraft pitch 


and bank angles. At each instant the line and frame 20 


time-bases define the point in the area of the display 
screen 4 to which the cathode-ray beam is directed. 
Thus it is possible by reference to the time-base signals, 
the stored information, and the measured pitch and 


bank angles to derive the video signals required to pro- 25 


duce the mapping desired for any attitude. 

The video signals might possibly be derived by first 
submitting the stored information to a transformation 
process in accordance with the pitch and bank angles, 


so as in this way to define a point-by-point mapping of 30 


the symbol or symbol-group special to the measured 
attitude. The bright-up pulses would then be derived 
from a comparison between this defined mapping and 
the point-by-point progression of the cathode-ray beam 


in accordance with the line and frame time-bases. How- 35 


ever, considerable storage capacity would be required 
for retention of the result of the transformation process 
ready for point-by-point read out in accordance with 
the time-base signals. This is avoided with the system of 


the present invention, in which, in contrast, the video 40 


signals are derived by computing for each successive 
point of the screen 4 to which the cathode-ray beam is 
directed (in accordance with the progression of the line 
and frame time-bases), the corresponding point in the 


datum-attitude mapping. Direct read out of the appro- 45 


priate bright-up pulse may then be made from the stored 
information relating to the zero-datum mapping. The 
whole of the display area is therefore effectively 
mapped back point-by-point through a transformation 


dependent on the aircraft attitude, to determine from 50 


comparison with the stored datum-attitude mapping 
which of the points of that area are to subject to bright 
up. The transformation process is conveniently per- 
formed incrementally. 


Referring to FIG. 3, the display picture on the screen 55 


4 can be regarded as made up of a matrix of elementary 
areas that are defined by a series of points (xg yg) sepa- 
rated from one another by Ax, horizontally (direction 
of the line time-base deflection) and Ayg vertically (di- 


rection of the frame time-base deflection). The cathode- 60 


ray beam is scanned through these points in succession, 
scanning being regarded as starting from an origin (0, 0) 
and progressing horizontally in steps of Ax, keeping yg 
zero (that is to say, along the x-axis). When the initial 


horizontal scan is completed the cathode-ray beam is 65 


returned to the y-axis (xg = 0) to start the horizontal | 
scan again, but with yg incremented by Ayg. This pro- 
cess is repeated with y, being incremented by Ay,at the 


6 
end of each scan, until the complete display area has 
been covered. 

If each point (xg yg) of the area is treated as the map- 
ping of a point (xp yp) of a datum-attitude picture after 
rotation of that picture through angle @ about a point 
(Xo Ye), then: 


Xp = X%_ + (%g—x,)cosh + Vg—ypsind 
Yp = Ye — Ha—x)sing + Yg—yJcosh 
or 
Xp = [xqcosh + yeping] + [x_ — xcosh — y,sing] 
Yp = [—xgind + yycosh] + [y, + xsind — y,cosd] 


From these equations it can be shown that for move- 
ment from the point (xg yg) to the point (xg+Axg yg) in 
the horizontal scan of the cathode-ray beam, the corre- 
sponding movement in the datum-attitude map is given 
by: 


Xp + Axy = xp + Axycosh 
Yp + Ay, = Yp = Ax ind 


Thus for each increment Ax, of horizontal scan the new 
coordinates in the datum-attitude map are obtained by 
addition of Axgcosd¢ to the value of x, and by subtrac- 
tion of Ax,sing from the value of yp. 

Similarly it can be shown that for movement from the 
point (xz yg) to the point (xg yg+Ay,) in the vertical 
scan, the corresponding movement in the datum atti- 
tude map is given by: 


Xp + Axy = Xp + Aygind 
Yp + A¥p = yp + Aygoosh 


Thus for each increment Ayg of the vertical scan the 
new coordinates in the datum-attitude map are obtained 
by addition of Ay,sind to the value of x,and of Aygcosp 
to the value of y,. 

The principles of the above consideration are applied 
to the generation of the video signals required for the 
display of FIG. 2. More particularly they are applied in 
relation to transformation of the symbology in rotation, 
required upon bank (angle ¢) of the aircraft. Transfor- 
mation in translation required upon change of pitch 
attitude, is applied in accordance with computation of 
appropriate linear shifts. 

Equipment which is incorporated in the waveform 
generator 17 and is effective to generate the video signal 
required for display of the group of pitch-bar symbols 
10 to 14 of FIG. 2 is illustrated in FIG. 4. The operation 
of this equipment in respect of variation of bank angle 
alone, will be described. 

Referring to FIG. 4, two computing units 20 and 21 
that serve to compute the instantaneous values of x, and 
¥p supply signals in accordance with these values to 
address a memory 22. The memory 22 stores binary 
information as to point-by-point constitution of the 
pitch-bar symbology appropriate to the wings-level, or 
some other datum, attitude of the aircraft. A bright-up 
pulse is issued from the memory to the cathode-ray tube 
according to whether a ‘1’ or ‘0’ is stored at the identi- 
fied address, that is to say according to whether the 
point (xp y,) in the datum-attitude picture is bright or 
dark. (Clearly it would be possible to store more infor- 
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mation at each location; for example, information as to 
color may be stored and conveyed to the cathode-ray 
tube, if in any case it is desired to provide a color picture 
to the pilot with the symbols, or different parts of them, 
differentiated from one another by color). 

Each computing unit 20 and 21 comprises four adders 
23 to 26, and two registers 27 and 28 each of which is 
connected to receive the output of a respective one of 
the adders 23 and 24 and to provide feedback of the 
register content to that one adder. The adder 23 of the 
unit 20 is supplied from outside that unit with a signal 
representative of the product of Ax, (normally con- 
stant) and cos, whereas that of the unit 21 is corre- 
spondingly supplied with a signal representative of 
—Axgsind. The adders 24 of the units 20 and 21 are, on 
the other hand, supplied from outside those units with 
signals representative of Ayjsing@ and Aygcosd respec- 
tively. These four signals externally-supplied to the 
adders 23 and 24 in the two units 20 and 21 are supplied, 
as illustrated in FIG. 5, from a unit 30 within the genera- 
tor 17, which generates these incremental signals in 
accordance with the bank angle ¢ and the incremental 
changes corresponding to Ax, and Ayg respectively, of 
the line and frame time-base waveforms generated by 
the time-base generating unit 31 of the waveform gener- 
ator 17. The incremental-signals generating unit 30 
computes the values of sind and cos from the attitude 
information signalled from the sensors 18, and emits the 
incremental signals appropriately in accordance with 
the progression of the time-base waveforms applied to 
the cathode-ray tube 5 from the time-base generating 
unit 31 via leads 32 and 33. 

Referring again more particularly to FIG. 4, the reg- 
isters 27 and 28 of the unit 20 accumulate the values of 
xgcos and y,sind respectively, and those of the unit 21, 
the values of —xgsinh and yycosd respectively. The 
sum of the two values accumulated in each unit 20 and 
21 is derived by the adder 25 of that unit, and the instan- 
taneous values of x, and y, for addressing the memory 
22 are then derived in the adders 26 of the two units 20 
and 21. In the unit 20 the output of the adder 25 is added 
by the adder 26 to a computed value of: 

Xe — xcosh — ysind (i) 
whereas in the unit 21 the output of the adder 25 is 
added in the adder 26 to a computed value of: 

Yo + xsind — ycosh Q) 
Signals in accordance with these computed values are 
supplied to the units 20 and 21 from the unit 30 (FIG. 5) 
in accordance with settings of values of x, and y,, and 
the values of sind and cosh computed as referred to 
above from the attitude information signalled from the 
sensors 18. 

Initially in the scanning raster, with the cathode-ray 
beam directed at the origin (0, 0), the registers 27 and 28 
in both units 20 and 21 are set to zero. The values of x, 
and y, generated are then equal to the values of func- 
tions (1) and (2), and as the cathode-ray beam is scanned 
across the screen 4 an increment Axcos¢ is added to x, 
and Axgsind is subtracted from y, via adders 23 in units 
20 and 21. At the end of each line-scan the registers 27 
are reset to zero, and increments Ay,sind in x,, and 
Aygcosd in yp are added in via the adders 24 of the units 
20 and 21 respectively. At the end of each frame scan, 
all registers 27 and 28 are reset to zero. 
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Thus as the cathode-ray beam progresses through the 
raster scan, so its location at successive instants is trans- 
ferred back to derive, point by point, the coordinates 
(Xp yp) of the beam location with respect to the datum- 
attitude mapping. These coordinates are used to address 
the memory 22 and thereby read out the appropriate 
bright-up information relating to the beam location, for 
application to the cathode-ray tube 5 via a lead 34. 

Although the signals derived by the units 20 and 21 
may be used in the display system to address the mem- 
ory 22 directly, and the signals read out may be applied 
directly to the cathode-ray tube 5 via the lead 34 (all as 
illustrated in broken line in FIG. 4), the alternative 
system-configuration of FIG. 5 may be utilized instead 
in order to achieve improved visual effect in the display 
produced. In this respect, the system-configuration 
illustrated in FIG. 5 is effective to overcome, or at least 
substantially reduce, the problem of variation of visual 
definition with line slope, that is experienced generally 
with raster-scan display of symbology. 

Without the specific techniques that are embodied in 
the system-configuration of FIG. 5 to counteract varia- 
tion of visual definition with line slope, lines such as the 
pitch bars 10 to 14 are clear when horizontal, or more 
precisely, when aligned with the raster-scanning, but 
lose definition when tilted out of such alignment. Dis- 
play of each line is in essence generated by bright up of 
successive elementary areas across the picture, and 
whereas these areas in the untilted line are joined up 
with one another in one series along one or more scan 
lines, the tilted line is formed by disjointed series on 
successive, vertically-spaced scan lines of the raster. 
There is loss of definition of the line in the display pic- 
ture on the screen 4 since, as illustrated (to an exagger- 
ated extent) in FIG. 6 for the case of tilted line L, the 
viewed image is disjointed and of a staircase or notched 
form. The staircase effect is more pronounced the 
smaller the angle of tilt, and slight change of this angle 
can readily result in disconcerting movement and even 
oscillatory, back-and-forth break up, between succes- 
sive sections of the line representation. 

A significant increase in the number of line scans in 
the raster together with a corresponding increase in the 
definition with which the display symbology is gener- 
ated, would serve to reduce the visual staircase or 
notched effect. These measures reduce the size of the 
elementary areas of bright up, but increase substantially 
the amount of picture information it is necessary to 
store and process during operation. Furthermore there 
is usually in practice a standard raster to be used (for 
example, 512- or 625-line), and an economic or space 
limit on the amount of information storage and process- 
ing that can be provided. Within the context of these 
limitations reduction of the visual staircase or notched 
effect could only be achieved by confining bright up to 
fractional parts of certain of the elementary picture- 
areas where there is transition from one scan line to the 
next between successive sections of the tilted-line repre- 
sentation. Such fractional bright-up cannot be achieved 
easily, but an approximation to it towards the same end, 
is achieved according to this invention in the present 
system illustrated in FIG. 5, by modulating the bright- 
ness of each of the relevant elementary areas in accor- 
dance with the fractional part that would, ideally, have 
been fully brighted up. 

Referring to FIG. 5, the instantaneous values of x, 
and y, computed by the units 20 and 21 are utilized in 
the system to address the memory 22 via an addressing 
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unit 35. The memory 22 stores binary information relat- 
ing to a 256 x 256 matrix division of the pitch-bar 
symbology appropriate to the wings-level attitude of 
the aircraft. In this datum attitude the pitch-bar symbols 
lie parallel to the line scan within the cathode-ray-tube 
picture, and therefore have the most advantageous ori- 
entation for clear-cut reproduction. The information 
stored in the memory 22 relates to the brightness within 
the datum-attitude picture of each of the 256 x 256 
elementary areas defined by the matrix division, and a 
four-bit word is read out from the memory 22 in relation 
to each specific point (xp y,) identified from the com- 
puting units 20 and 21. In this connection, however, the 
values of x, and y, are computed by the units 20 and 21 
as two binary numbers of eleven bits each, but it is only 
those signals representative of the first, most significant, 
eight bits of each of these numbers that are selected by 
the unit 35 for addressing the memory 22. The signals 
representative of the remaining, least-significant, three 
bits of each computed number are selected by an am- 
plifier-gating unit 36 for application to each of four 
read-only memory units 37 to 40. The four units 37 to 40 
are supplied with the four bits respectively of the four- 
bit word read out from the memory 22 on leads 22A to 
22D. 

The four-bit word read out from the memory 22 in 
respect to the computed point (xp y,) relates to the 
brightness at that point and at three adjacent points in 
the datum-attitude picture. More particularly, and as 
illustrated in FIG. 7 in relation to a point (xp yp) situated 
just within a bright pitch-bar symbol S of the datum- 
attitude picture, the bit — illustrated as ‘1’, signifying 
light (in contrast to ‘0’ for dark) — read out on the lead 
22A, defines the brightness of an elementary area A 
centered on the identified point (xp y,). Another bit — 
‘1’ in this illustration — is read out on the lead 22B to 
define the brightness of an elementary area B centered 
on the next point, (x,+Ax, y,) along the same datum- 
attitude scan-line. The remaining two bits — both ‘0’ in 
this illustration — are read out on the leads 22C and 
22D to define the brightness of elementary areas C and 
D, respectively, centered on the points (xp yp+Ay,) and 
(xp+Axp yp+Ay,) and corresponding to the areas A 
and B in the next succeeding scan-line of the datum-atti- 
tude picture. 

The elementary areas in the matrix division of the 
display screen 4 do not in general map precisely into the 
elementary areas of the datum-attitude picture. The 
extent to which the angle $ differs from zero, that is to 
say the extent to which there is departure from the 
datum pitch-attitude, determines the degree of the mis- 
fit. Accordingly the center point (xg yg) of the elemen- 
tary area H, say, of the display picture (FIG. 6) on the 
cathode-ray-tube screen 4 will not in general map back 
accurately onto the corresponding center-point (xp yp) 
of the datum-attitude picture. In the present case, where 
the values of x, and y, are both computed with high 
resolution to if bits, the most significant eight bits of 
each are alone sufficient to identify the appropriate 
center-point (xp y,); the other three least-significant bits 
of each are commensurate with the degree of misfit. 

Thus, as illustrated in FIG. 8, the most-significant 
eight bits of each of the numbers computed by the units 
20 and 21 are effective to identify the mapping of the 
elementary area H centered on the point (xg yg) of the 
display picture (FIG. 6) on the screen 4, with the ele- 
mentary area A centered on the point (xp yp). However, 
the two words formed by the last three bits — the ‘un- 
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derflow’ bits — of each of these two numbers give 
indication of the extent to which use of the higher de- 
gree of resolution (11 bits rather than eight) would have 
the effect of displacing the mapping, H’, of area H into 
the datum-attitude picture, out of exact fit with the area 
A, so as, in general, to overlap each of the adjoining 
areas B, C and D. On this latter basis therefore, the area 
H on the display screen 4 would more appropriately 
take the brightness of area A only within the part of its 
mapping, H’, that remains within the compass of area A. 
Remaining parts of the area H would ideally take the 
brightness of whichever of the areas B, C and D are 
overlapped by them in the mapping H’. Differential 
variation of brightness of this nature throughout the 
area H is not readily possible, but in accordance with 
the present invention very much the same visual effect 
is achieved by regulating the extent of bright up of the 
whole of the area H within the display picture in accor- 
dance with weighted components of the brightness of 
area A and each adjoining area B, C and D. The 
weighting applied in each case is dependent on the 
extent of overlap of the area H’ with the relevant area 
A, B, C or D. The two three-bit ‘underflow’ words 
provide a measure in each case of this extent of areal 
overlap. 

The brightness weightings appropriate to any identi- 
fied elementary area (A) of the datum-attitude picture 
for all different combinations of the two three-bit ‘un- 
derflow’ words, are stored in the read-only memory 
unit 37, whereas the corresponding weightings individ- 
ual to the three adjoining elementary-areas (B, C and D) 
are stored respectively, in the read-only memory units 
38, 39 and 40. A four-bit word is signalled from each 
individual memory unit 37 to 40 if the digit signalled to 
it via the associated lead 22A to 22D is ‘1’. The particu- 
lar word signalled in each case is in accordance with the 
value of weighting stored in respect of the particular 
combination of two three-bit words signalled from the 
unit 36. Thus, words in accordance with the appropriate 
brightness contributions from the identified area (A) 
and the three adjoining areas (B, C and D) are supplied 
from the memory units 37 to 40. These words are added 
together in a unit 41 to produce a four-bit sum that is 
then converted within the unit 41 to an output pulse 
having a voltage amplitude in accordance with that 
sum. This amplitude-modulated pulse is supplied as a 
bright-up pulse to the grid of the cathode-ray tube 5 via 
the lead 34 from the waveform generator 17. The conse- 
quent degree of bright up of the elementary display area 
(H) defined on the screen 4 by the line and frame time- 
bases at that instant, is dependent on the amplitude of 
the supplied pulse. (With the particular example illus- 
trated in FIG. 7 where the areas A and B are bright but 
areas C and D are dark, the combined pulse would have 
an amplitude dependent upon, and the consequent 
bright up of the display of the defined area (H) would be 
in accordance with, the fractional part of the total area 
of its datum-attitude mapping (H’) that overlaps the 
bright areas A and B). The degree of bright up is ac- 
cordingly regulated by virtue of the transformations 
effected by the computing units 20 and 21, to give a 
general visual effect appropriate to the departure from 
the datum-attitude picture-composition stored in the 
memory 22. The discontinuities that in normal circum- 
stances give rise to the staircase or notched appearance 


_ are to a substantial extent smoothed out as far as the 


viewing eye is concerned, by this brightness modula- 
tion. 
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The normally-experienced staircase or notched effect 
is especially noticeable where slightly-inclined lines 
such as the pitch bars 10 to 14, are involved, but it 
applies also to a greater or lesser extent in other symbol- 
ogy. The same smoothing out effect to the eye can be 
obtained in such cases using brightness-modulation 
techniques corresponding to those used in the equip- 
ment of FIG. 5. In any particular case the degree of 
bright-up of each successive elementary area (H) is not 
necessarily linearly related to the areal overlap or misfit 
of its mapping (H’) in the datum-attitude picture; in 
normal circumstances the relationship, and therefore 
the stored brightness-weightings used, will be prefera- 
bly non-linearly dependent on the misfit, and will be a 
matter for choice in achieving the best visual effect. 

Whereas the memory 22 may store picture informa- 
tion concerning each individual line or other symbol- 
element of a family of such elements in the desired 
display, it may alternatively store information sufficient 
only to define a single line or other element, together 
with information as to the spacing and orientation of the 
individual members of the family from this. For exam- 
ple, picture information concerning a single line of the 
family of pitch-bars 10 to 14 may be stored together 
with appropriate information concerning the spacing 
(y-shifts) of the individual members of the family from 
this so that the whole family of bars 10 to 14 may be 
constructed. 

The use of the raster scan and the derivation of sym- 
bology in accordance with such scan enables pictures 
derived by a television or infra-red camera to be readily 
combined with the video signals supplied to the tube 5 
by the waveform generator 17. Such cameras conven- 
tionally utilise a raster scan and the provision of the 
symbology video-signals to the same scan (rather than 
by means of cursive techniques) has the advantage of 
avoiding need for any form of scan conversion in the 
display system. The television or infra-red camera may 
for example view the same external scene as viewed by 
the pilot, or which but for lack of visibility would be 
viewed by him, along the line-of-sight 2, the camera- 
derived signals being used to produce on the screen 4a 
picture of the scene which appears in the reflector 3 
superimposed exactly on itself in the external world. 

Although the system described above uses a cathode- 
ray tube, other forms of display device may be used. In 
particular a matrix-display device may be used, the 
modulated signals being applied to the device as succes- 
sive ‘cross-points’ of the matrix are selected for opera- 
tion in turn throughout the point-by-point scan of the 
display area. 

I claim: 

1. In a display system in which a display image is 
provided in a display area of a display device in accor- 
dance with modulation of signals that are synchronized 
to point-by-point scanning of the said display area, the 
modulated signals being derived in accordance with 
stored information which is read out from memory 
means and which relates to the mapping of the image 
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the image within the display area is varied from a datum 
defined by the stored information in dependence upon 
an input variable angle ¢, said system including means 
to perform a transformation process dependent upon 
the said input angle ¢ to identify in respect of each 
successive point (xg yg) of said scan the corresponding 
point (xp yp) in the stored datum-mapping, the improve- 
ment wherein said transformation means comprises 
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means to derive distinct first and second signals in ac- 
cordance respectively with xzcosd and ygsind, means to 
derive distinct third and fourth signals in accordance 
respectively with —x,sind and ygcosd, first adder 
means for adding said first and second signals together 
to compute the instantaneous value of x,, said second 
adder means for adding said third and fourth signals 
together to compute the instantaneous value of y,, said 
system including means responsive to said computed 
values of x, and y, to read out from said memory means 
information stored thereby in respect to the point (xp 
Jp) of the stored datum-mapping. 

2. A system according to claim 1, including means to 
derive a fifth signal dependent on (x,cosd+y,sind), 
where x, and y, have predetermined values, and means 
to derive a sixth signal dependent on (x,sind —y,cosd), 
said first adder means including means to add said fifth 
signal to said first and second signals for the said com- 
putation of said instantaneous value of Xp, and said sec- 
ond adder means including means to add said sixth 
signal to said third and fourth signals for the said com- 
putation of said instantaneous value of y,. 

3. A system according to claim 1 including bright- 
ness-control means for controlling brightness of said 
display, said brightness-control means including means 
responsive to said computed values of x, and y, to de- 
rive brightness-weighting values in accordance there- 
with, means for weighting said information read out 
from said memory means in accordance with said 
brightness-weighting values, and means for varying said 
brightness in dependence upon said weighted informa- 
tion. 

4. A system according to claim 3 wherein said values 
of x, and y, are computed as multi-digit numbers, and 
wherein said means for deriving said brightness-weight- 
ing values is means to derive said brightness-weighting 
values in accordance with least-significant digits of said 
multi-digit numbers. 

5. A system according to claim 3, wherein said dis- 
play device is a cathode-ray tube, said system including 
means to apply signals in accordance with said 
weighted information to the cathode-ray tube to modu- 
late the brightness of the display area point by point. 

6. A display system for use in a craft, comprising: 
display means which provides a display area and which 
is operative to provide point-by-point scanning of said 
area, said display means being responsive to modulated 
signals applied thereto to provide a display image in said 
area with a mapping therein dependent on the modula- 
tion of the applied signals and their synchronization 
with said scan; memory means for storing information 
relating to a mapping of the image within said display 
area corresponding to a datum attitude of the craft; 
transformation means responsive to change of attitude 
angle ¢ of said craft from the datum attitude to perform 
a transformation process dependent on said change for 
mapping each successive point (xg yg) of the display 
area through said scan into the datum-attitude mapping 
so as to identify the corresponding point (xp y,) of the 
datum-attitude mapping, said transformation means 


comprising means to derive distinct first and second 


signals in accordance respectively with xycosd and 
yasind, means to derive distinct third and fourth signals 
in accordance respectively with —x,sind and y,cosd, 
first adder means for adding said first and second signals 
together to compute the instantaneous value of x,, and 
second adder means for adding said third and fourth 
signals together to compute the instantaneous value of 
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Yp; Means responsive to the computed values of x, and 
yp to derive from the memory means signals modulated 
in accordance with the information stored in respect of 
each successively-identified point (xp Jp): and means for 
applying the said derived signals to said display means 
to provide display of said display image with disposition 
in said display area appropriate to said attitude change 
of the craft. 

7. In a method for providing a display of symbology 
by selective bright up of successively-scanned elements 
of a display area, the bright-up applied to each said 
element being dependent on input signals defining those 
of the said elements which are to be occupied by said 
symbology, the improvement wherein the degree of 
bright-up applied in each individual one of said ele- 
ments is varied in dependence upon the extent to which 
the symbology as defined by said signals is to occupy 
that element. 

8. In a display system for displaying symbology, com- 
prising display means having a display area provided by 
a multiplicity of separately-energizable display ele- 
ments, means to derive signals dependent on said sym- 
bology, and means responsive to said signals to energize 
said elements selectively for mapping said symbology in 
display into said area, the improvement wherein said 
means for energizing said elements includes means re- 
sponsive to said signals to derive in respect of each said 
element a signal weighted in dependence upon the areal 
extent to which that element is to be occupied by the 
said symbology in the said mapping, and means for 
energizing each said element in accordance with the 
weighted signal derived in respect thereof. 

9. A display system for displaying symbology com- 
prising: display means providing a display area and 
cperative to scan successive elements of said area ac- 
cording to raster line-scanning thereof, said display 
means being responsive to signals applied thereto to 
provide a display image in said area by selective bright- 
up of the scanned elements according to respective ones 
of said signals; means to define a desired mapping of said 
symbology in said area; signal-generating means respon- 
sive to said defined mapping to generate video signals 
related respectively to the said elements, each said 
video signal having a value dependent on the areal 
extent to which the said desired mapping overlies the 
respective element; and means for applying the said 
video signals to said display means to provide bright-up 
each said element in accordance with the said value of 
its respectively-related video signal. 

10. A display system according to claim 9 wherein 
said display means includes a cathode-ray tube, and 
means for supplying raster-scan signals to said cathode- 
ray tube. 

11. A display system according to claim 9 including 
means defining a datum mapping of said symbology, 
means to supply first signals dependent on the extent to 
which said desired mapping varies from said datum 
mapping, means responsive to said first signals to derive 
weightings dependent on the extent of said variation 
from the datum mapping, means to derive in depen- 
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dence upon said first signals second signals modulated 
in accordance with said desired mapping, and means to 
derive said video signals in dependence upon said sec- 
ond signals modified in accordance with said 
weightings. 

12. A display system for providing a display of sym- 
bology, comprising: display means providing a display 
area and operative to scan successive elements of said 
area, said display means being responsive to modulated 
signals applied thereto to provide a display image in said 
area with a mapping therein dependent on the modula- 
tion of the applied signals and their synchronization 
with said scan; memory means for storing information 
relating to a datum-attitude mapping of the symbology 
within said display area; means responsive to signalled 
attitude change to perform a transformation process 
dependent on said change for mapping the display area 
element by element through said scan into the datum- 
attitude mapping so as to derive values identifying re- 
spectively the corresponding elements of the datum- 
attitude mapping; means to derive from the memory 
means signals modulated in accordance with the infor- 
mation stored in respect of the successively identified 
elements; means responsive to the results of said trans- 
formation process to derive brightness weightings ap- 
plicable to the said scan elements, the said brightness 
weighting applicable to each individual scan element 
being generated in accordance with the said identifying 
value derived in respect to the corresponding datum- 
attitude element; and means for applying the modulated 
signals to the said display means modified in accordance 
with said weightings so as to provide display of said 
symbology with disposition in said display area appro- 
priate to said signalled attitude-change. 

13. A display system according to claim 12 wherein 
said means for performing said transformation process 
includes means to derive said identifying values as mul- 
ti-digit numbers, and wherein said means to derive said 
brightness weightings is means to derive said 
weightings in accordance with the values of lesser sig- 
nificant digits of the respective multi-digit numbers. 

14. A display system according to claim 12 including 
means for reading out from said memory means in re- 
spect of each said identified element a first signal in 
accordance with the brightness in the datum-attitude 
mapping of said identified element, together with at 
least one other signal in accordance with the brightness 
in the datum attitude mapping of an element therein 
immediately adjoining said identified element, means 
for applying brightness weightings to both said first and 
other signals read out in respect of each said identified 
element, the brightness weightings applied in each case 
being dependent on the identifying value derived in 
respect of the respective identified element, and means 
for supplying to said display device in respect of each 
said identified element a video signal modulated in ac- 
cordance with combination of the said first and other 


signals derived in respect of that identified element. 
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